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Smooth muscle contraction is regulated by phosphorylation of the 20-kDa myosin light chain (LC 20 ) (17, 18) by myosin light chain kinase (MLCK) and the opposing action of myosin light chain phosphatase (MLCP). MLCP is a type 1 protein phosphatase (PP1) consisting of a catalytic (38 kDa) and two noncatalytic (110-130 kDa and 20 kDa) subunits (1, 8) . The large noncatalytic subunit, myosin phosphatase targeting subunit 1 (MYPT1), is responsible for localization of phosphatase activity to the myosin heavy chain and is the site of phosphorylation-dependent regulation (5, 19) . Increased myofibrillar PP1 activity contributes to cGMPmediated vasorelaxation (22) , whereas inhibition of this activity is an important mechanism by which contraction is enhanced during ␣-adrenoceptor stimulation (20) and has been implicated in the pathophysiology of arterial vasospasm (10) . Recently, we (37) reported that LC 20 phosphorylation during phenylephrine-induced contraction is reduced in aortic strips from rats exposed to hypoxia for 48 h compared with strips from normoxic animals, and an imbalance in the relative activities of MLCP and MLCK was proposed as a contributing factor in the contractile abnormality. Given this observation and the important role that changes in MLCP activity play in the short-and longterm regulation of vascular tone, we hypothesized that increased myosin-targeted PP1 activity may contribute to hypoxia-induced aortic hyporeactivity through enhanced dephosphorylation of LC 20 .
MATERIALS AND METHODS

Exposure to Hypoxia
In vivo studies. All animal procedures were approved by the institutional animal care committee. As described previously (2), male Sprague-Dawley rats (200-250 g) were placed in a Plexiglas chamber (30 cm ϫ 18 cm ϫ 15 cm), into which the flow of air and nitrogen was controlled independently, and from which gas outflow was through an underwater seal. Animals exposed to hypoxia breathed a mixture containing 10% O 2, whereas control animals breathed air only under otherwise identical conditions. The thoracic aortas were ex-cised immediately after decapitation and mounted in organ bath myographs containing Krebs-Henseleit solution (KHS) composed of (in mmol/l) 120 NaCl, 25 NaHCO 3, 11.1 glucose, 4.76 KCl, 1.18 MgSO4, 1.18 KH2PO4, 2.5 CaCl2 aerated with 95% O2-5% CO2 at 37°C, or frozen in liquid nitrogen for later measurement of MYPT-1 protein levels.
Cell culture studies. Levels of MYPT-1 protein were also measured in human aortic smooth muscle cells (HASMCs) to assess whether the effect of hypoxia is independent of neurohumoral and hemodynamic changes and whether this effect is relevant to human vascular tissues. HASMCs (Clonetics) at passage 6 were grown to 80% confluence and incubated for 16 h or 48 h at 37°C under either normoxic (21% O 2-5% CO2-74% N2) or hypoxic (1% O2-5% CO2-94% N2) conditions. Oxygen concentrations equal to or lower than that used in these studies have been recorded in the arterial wall in animals in vivo (4) .
Contractile Responses
Rat aortas were bisected and one-half denuded of its endothelium by gentle abrasion of the luminal surface before being sectioned into 4-mm rings. Segments were equilibrated in warmed aerated KHS for 1 h under a resting tension of 2 g before drug-induced changes in tension were monitored. The failure of acetylcholine (1 mol/l) to elicit relaxation after contraction with phenylephrine (1 mol/l) was taken as evidence of functional endothelial ablation (2) . A ring from each rat was incubated in KHS with or without vehicle (0.05% DMSO), okadaic acid (ODA; 1 or 100 nmol/l) or microcystin-LR (M-LR; 0.5 or 50 nmol/l) for 20 min before and during generation of concentration response curves to phenylephrine (0.1 nmol/l-100 mol/l). To determine the effects of PP inhibition on the response to smooth muscle membrane depolarization, KCl concentration-response relationships (0-100 mmol/l) were generated in the presence and absence of either DMSO (0.05%) or M-LR (0.5 or 50 nmol/l) with the use of separate groups of aortic rings from normoxic and hypoxiaexposed rats. Two concentrations of ODA and M-LR were used to differentiate between PP1-and PP type 2A (PP2A)-mediated events as the former are less susceptible to these toxins than are the latter; hence the effects seen at the higher but not the lower concentrations are attributed to PP1 inhibition (8) . On completion of the experiments, the rings were dried overnight at 50°C, and weighed to express tension as grams per milligram dry weight.
LC 20 Phosphorylation
Each endothelium-denuded rat aorta was cut into three helical strips that were equilibrated for 1 h in warmed aerated KHS under 2 g of resting tension before being incubated for 20 min with 0.05% DMSO or 50 nmol/l M-LR and contracted with phenylephrine (10 mol/l). LC 20 phosphorylation was measured as described previously (37) . A strip from each rat was freeze-clamped in liquid nitrogen at 0, 1, or 10 min after the addition of phenylephrine. Tissues were denatured in a frozen slurry of dry ice, liquid nitrogen, and 20 mmol/l DTT in 10% TCA-acetone before being repeatedly washed with DTT-free 10% TCA-acetone. LC 20 protein was extracted from lyophilized samples in solution composed of 8 mol/l urea, 0.2 mol/l Tris, 0.22 mol/l glycine, 0.01 mol/l DTT, 0.6 mol/l KI, 0.1% bromophenol blue, 0.01 mol/l EGTA, and 0.001 mol/l EDTA for 3 h at room temperature. Constant volumes of these samples were electrophoresed (6 mA per gel) on freshly prepared nondenaturing gels [separating gel: 10%/0.27% acrylamide/bisacrylamide, 40% glycerol, 0.5% ammonium persulfate, 0.044% N,N,NЈ,N-tetramethylethylenediamine (TEMED); stacking gel: 30%/1.6% acrylamide/ bisacrylamide, 8.5 mol/l urea, 0.6% ammonium persulfate, 0.2% TEMED] in a running buffer of 0.05 mol/l Tris-0.1 mol/l glycine. Proteins were electrotransferred to nitrocellulose in 0.1 mol/l CAPS (pH 11) for 16 h at 4°C. Membranes were blocked in 5% milk-0.1% Tween-Tris-buffered saline (TBS), immunostained with a monoclonal LC 20-specific antibody (1:1,000; Sigma) and detected with horseradish peroxidase (HRP)-goat anti-mouse IgG (1:1,000; Sigma). Immunocomplexes were detected by enhanced chemiluminescence (Amersham). A standard curve of chicken gizzard myosin (Sigma), extracted simultaneously with the experimental samples, was routinely loaded on the same gel to provide a positive control and a measure of linearity of the optical density curve. Tissues from control and hypoxic rats were always paired for extraction, electrophoresis, and immunoblotting. The extent of LC 20 phosphorylation in each sample was quantitated by densitometry with the use of a HewlettPackard scanner and Molecular Analyst software (Bio-Rad Laboratories) before expression as the percentage of phosphorylated to total LC 20 in that lane.
PP Activity
Cytosolic and myofibrillar extracts were prepared from whole rat thoracic aortas (10) . Four aortas were pooled for each sample and the results from each sample taken as single values for statistical analysis. Samples were ground in liquid nitrogen and mixed with 500 l of extraction solution (0.004 mol/l EDTA, 0.1% ␤-mercaptoethanol, 0.001 mol/l benzamidine, and 0.0001 mol/l PMSF, pH 7.0). The suspension was centrifuged and the supernatant (first cytosolic extract) removed. The resultant pellet was blended with 500 l of the cold extraction buffer and centrifuged to yield a second supernatant (second cytosolic extract). The pellet was homogenized with 500 l of solution A, which was composed of 0.02 mol/l triethanolamine/HCl (pH 7.5, 4°C), 0.1% ␤-mercaptoethanol, 0.001 mol/l benzamidine, and 0.0001 mol/l PMSF that contained 0.002 mol/l EGTA, 0.5% Triton X-100, and 0.0006 mol/l NaCl. After standing for 30 min at room temperature, this homogenate was diluted with an equal volume of solution A before being centrifuged. The resulting supernatant (myofibrillar extract) and both cytosolic extracts were then assayed for protein content (23) . PP activities were determined by measuring the rate of liberation of radioactivity from [ 32 P]phosphorylase by using a commercially available kit (GIBCO-BRL Life Technologies). PP1 activity was evaluated as PP activity in the presence of 0.5 nmol/l M-LR, whereas PP2A activity was assessed as PP activity inhibited by 0.5 nmol/l M-LR.
Western Blots
Whole thoracic aortas from rats exposed to normoxia or to hypoxia for 16 h and for 48 h were divided into two parts; one-half was denuded of endothelium by gentle abrasion. Aortic proteins were extracted in 1% SDS, 0.001 mol/l sodium orthovanadate, and 0.01 mol/l Tris (pH 7.4). Normoxia-and hypoxia-exposed HASMC were treated with 0.05 mol/l Tris (pH 8.0), 0.15 mol/l NaCl, 0.1% SDS, 0.001 mol/l PMSF, 1 mg/ml aprotinin, 1 mg/ml Nonidet P-40, and 0.5% sodium deoxycholate. The resulting rat aortic and HASMC lysates were resolved by SDS-PAGE (4-12%), electrotransferred to nitrocellulose, blocked in 5% milk-Tween-TBS, and incubated with antiserum specific for MYPT1 (1:300; Zymed). Proteins extracted from endothelium-intact aortas from rats exposed to normoxia or hypoxia for 48 h were electrophoresed and electrotransferred in the same manner but the mem-branes were incubated with antiserum specific for MLCK (1:5,000; Sigma). In all cases, protein concentration was determined by Lowry assay, and appropriate volumes of extraction buffer to produce constant protein loading in each lane were mixed with SDS loading buffer. Samples from normoxic and hypoxic groups were paired on each gel to control for interexperimental variation. Protein loading and transfer efficiency were verified after transfer with the use of full-lane densitometry of the Ponceau red-stained membranes. Immunoblots were probed with HRP-donkey antirabbit IgG (1:1,000; Amersham) and visualized by enhanced chemiluminescence (Amersham). Band intensity was quantified by densitometry using a Hewlett-Packard scanner and Molecular Analyst software (Bio-Rad Laboratories).
Data Analysis
Unless otherwise stated, results are presented as means Ϯ SE; n refers to the number of samples, with P Ͻ 0.05 representing statistical significance. Paired means were compared by two-tailed Student's t-test. Differences among multiple means were evaluated by ANOVA, and when overall differences were detected, individual means were compared post hoc with the use of Bonferroni's test.
RESULTS
Contractile Responses
The effects of ODA (1 and 100 nmol/l) and M-LR (0.5 and 50 nmol/l) on the responses to phenylephrine in rings from normoxic and hypoxia-exposed rats are illustrated in Fig. 1 . Table 1 presents the maximum tensions and EC 50 values during phenylephrine-induced contraction in the presence and absence of ODA and M-LR and the effect of M-LR on these values during KCl-induced contraction in aortic rings from normoxic and hypoxia-exposed rats. As in previous studies (2, 37) , the maximum contractions elicited by phenylephrine and KCl in rings from normoxic rats were greater than those in rings from rats exposed to hypoxia. The EC 50 values did not differ between the two groups. Concentrations of ODA (1 nmol/l) and M-LR (0.5 nmol/l) that block PP2A but not PP1 activity (8) did not affect the contractile responses of aortic rings from either group. Concentrations of ODA and M-LR that block both PP2A and PP1 activities (100 nmol/l for ODA and 50 nmol/l for M-LR), in contrast, enhanced maximum tension during phenylephrine-induced contraction in the hypoxia-exposed group but failed to significantly affect maximum tension in the normoxic group. Accordingly, the effect of PP1 inhibition was greater in aortic rings from hypoxia-exposed rats than in rings from normoxic rats (41.7 Ϯ 7.4% vs. 18.2 Ϯ 8.5% increases for ODA and 43.7 Ϯ 1.0% vs. 13.24 Ϯ 4.0% increases for M-LR, in hypoxic and normoxic animals, respectively; P Ͻ 0.05 for differences between groups). Incubation with the higher, but not the lower, concentration of M-LR also elevated the maximal tension elicited by KCl in aortic rings from hypoxia-exposed animals (42.9 Ϯ 5% vs. 19.1 Ϯ 7.4% changes in maximum tension in hypoxic and normoxic groups, respectively; P Ͻ 0.05 for difference between groups). EC 50 values for phenylephrine and KCl in the presence of 100 nmol/l ODA or 50 nmol/l M-LR did not differ from those in the absence of the PP inhibitors.
LC 20 Phosphorylation
LC 20 phosphorylation in aortic strips from normoxic and hypoxic rats was increased after 1 min of stimulation with 10 mol/l phenylephrine and did not increase further after 10 min (Fig. 2) . Baseline levels of LC 20 phosphorylation (i.e., no stimulation) did not differ between the groups. In contrast, LC 20 phosphorylation after stimulation with phenylephrine was decreased in aortas from hypoxic compared with normoxic rats (Fig.  2) . M-LR (50 nmol/l) significantly elevated the proportion of phosphorylated LC 20 during stimulation with phenylephrine in aortas from rats exposed to hypoxia (P Ͻ 0.05). As a result, the difference in LC 20 phosphorylation during phenylephrine-induced contraction between strips from hypoxia-exposed and normoxic animals was eliminated by treatment with M-LR (Fig. 2) . Figure 3 illustrates PP1 and PP2A activities in aortic extracts from normoxic rats and rats exposed to hypoxia for 48 h. PP1 activity was greater in the myofibrillar but not the cytosolic fraction in aortas from hypoxic compared with normoxic rats (P Ͻ 0.05) whereas there was no difference in myofibrillar or cytosolic PP2A activity between the two groups.
Myofibrillar Phosphatase Activity Assay
Western Blots
Levels of MLCK protein in aortas from rats exposed to hypoxia for 48 h did not differ from those in the normoxic control group (Fig. 4) . MYPT1 protein levels Fig. 1 . Concentration-response curves for phenylephrine in aortic rings from rats exposed to normoxia (A and C) and hypoxia (B and D). Rings were incubated for 20 min with Krebs-Henseleit solution (KHS; F), DMSO (E), okadaic acid (OE, 1 nmol/l; ‚, 100 nmol/l) or microcystin-LR (M-LR; , 0.5 nmol/l; ƒ, 50 nmol/l) before the addition of phenylephrine (n ϭ 6 rats per group). *P Ͻ 0.05 vs. KHS and DMSO groups (ANOVA and post hoc Bonferroni's test). Fig. 2 . Phosphorylation of light chain at 20 kDa (LC20) in aortic strips from normoxic (E, F) and hypoxic rats (ƒ, ) after 0, 1, and 10 min stimulation with 10 mol/l phenylephrine in the presence and absence of DMSO (E, ƒ) or 50 nmol/l M-LR (F, ) (n ϭ 6-7 rats for each group). The top blot is representative of samples stimulated for 10 min with phenylephrine. The bottom blot is representative of chicken gizzard myosin samples that were simultaneously extracted with the experimental samples. *P Ͻ 0.05 vs. corresponding DMSO group (ANOVA and post hoc Bonferroni's test).
in rat thoracic aortas increased progressively with increasing duration of hypoxic exposure and these levels were not altered by removal of the endothelium (Fig.  5A ). MYPT1 protein levels were also elevated in HASMCs incubated under hypoxic compared with normoxic conditions (Fig. 5B) .
DISCUSSION
We report that exposure to hypoxia is associated with reduced agonist-and depolarization-induced aortic contraction, decreased LC 20 phosphorylation, and elevation of myofibrillar PP1 activity. The increase in PP1 activity, specifically localized to the contractile myofilaments, may be explained by enhanced smooth muscle cell expression of MYPT1, which was found to be increased in aortas from rats exposed to hypoxia in vivo and in cultured human aortic smooth muscle cells after hypoxic incubation.
In previous studies, the effects of prolonged exposure to hypoxia (hours to days) on in vivo pressor responses have varied depending on the experimental model. An inhibitory effect of such exposure on in vitro reactivity of systemic arteries to adrenoceptor receptor stimulation and depolarization in conduit vessels (2, 9, 37) and of myogenic responses in isolated arterioles (32) , however, has been a consistent finding and indicates a widespread negative effect on systemic vascular smooth muscle contractility. In contrast to the in vivo and in vitro effects of acute hypoxia (minutes), which are predominantly mediated by the release of endothelium-derived relaxing factors (6, 27, 35) and immediately reversible on restoration of normoxia (12, 27, 35) , the change in arterial smooth muscle function observed after prolonged exposure to hypoxia persists for at least 12 h after the removal of the hypoxic stimulus (2, 32) , suggesting that the two responses are mediated by different mechanisms.
The contractile impairment after prolonged hypoxia is not specific for agonist-induced contraction but affects the response to membrane depolarization as well (2, 32) . Moreover, neither hypoxia nor PP1 inhibition had any effect on the sensitivity (EC 50 ) to either phenylephrine or KCl indicating that the effects of hypoxia on PP1 activity and force generation are equal across the range of agonist concentrations and membrane potentials studied and, hence, independent of events occurring at the cell membrane. Accordingly, we eval- Fig. 3 . Protein phosphatase (PP) activities in cytosolic and myofibrillar extracts from normoxic and hypoxic rat aortas. PP types 1 and 2A (PP1 and PP2A) activities were evaluated as PP activity in the presence and absence of M-LR (0.5 nmol/l), respectively (n ϭ 5 rats per group). *P Ͻ 0.05 vs. corresponding normoxic group. Fig. 4 . Myosin light chain kinase (MLCK) protein levels in aortas from normoxic rats and rats exposed to hypoxia for 48 h (n ϭ 8 rats per group). P Ͼ 0.05, differences between groups. OD, optical density. uated the effects of hypoxia on aortic levels of MLCK and MLCP, the enzymes that regulate LC 20 phosphorylation and, therefore, activation of myofibrillar ATPase and cross-bridge cycling (11, 15, 17) . Aortic MLCK protein levels were not decreased after hypoxic exposure, and, after PP1 inhibition with M-LR, the proportion of phosphorylated LC 20 during phenylephrine-stimulated contraction was the same in aortic strips from hypoxia-exposed rats as it was in strips from normoxic rats indicating that smooth muscle activation after hypoxia is not limited by reduced MLCK activity. In contrast, we present several lines of evidence that support the hypothesis that increased myosin-targeted phosphatase activity plays an important role. Inhibition of PP1 activity increased the tension elicited by phenylephrine and KCl and the percentage of phosphorylated LC 20 during phenylephrine-induced contraction to a greater degree in aortas from rats exposed to hypoxia than in aortas from normoxic animals. Myofibrillar, but not cytosolic, PP1 activity is enhanced in aortas from hypoxic rats compared with the normoxic controls. Finally, the aortic levels of MYPT1 that mediate association of PP1 catalytic activity with the myosin heavy chain are increased in the hypoxic group. These results suggest that hypoxia increases the expression of MYPT1, which localizes phosphatase activity to the thick myofilament, resulting in LC 20 dephosphorylation and creating a new steady state between MLCK and MLCP activities. These findings represent the first evidence that modulation of smooth muscle cell expression of the MYPT1 subunit may play a mechanistic role in impairment of vascular smooth muscle function under pathological conditions.
Inhibition of PP1 activity with M-LR did not appreciably affect LC 20 phosphorylation in aortic strips from normoxic rats (Fig. 2) , and the effect on the maximum tension generated by aortic rings from normoxic animals during supramaximal stimulation with phenylephrine (10 mol/l) also did not reach statistical significance (18.2 Ϯ 8.5% increase compared with untreated rings, P ϭ 0.058 for difference; see Table 1 ). In intact smooth muscle ␣-adrenoceptor stimulation inhibits MLCP activity by dissociating the catalytic and targeting subunits (31) . Because we measured LC 20 phosphorylation during maximal ␣-agonist stimulation, the extent of inhibition of myofibrillar PP1 activity necessary to induce and maintain maximum contraction must have been sufficient to preclude the detection of additional effects of exogenous inhibitors in this group. In aortic strips from rats exposed to hypoxia, PP1 inhibition has a much greater effect on both LC 20 phosphorylation and contraction as would be expected if myofibrillar phosphatase activity is greatly increased and, therefore, less completely inhibited by activation of the ␣ 1 -receptor.
LC 20 phosphorylation is the major regulatory step in the initiation of contraction, as it permits actin interaction with the myosin heavy chain. The development of force, however, depends on many other factors, some of which [e.g., modulation of Ca 2ϩ sensitivity by telokin (34) and by thin-filament regulatory proteins (14) ] are also regulated by phosphorylation and these will be affected by PP1 inhibition. Accordingly, we cannot exclude a contribution of these pathways to the increase in maximum tension elicited by PP1 inhibitors after hypoxia.
Inhibition of PP1 activity eliminated the difference in LC 20 phosphorylation between normoxic and hypoxic groups in the current study; however, it did not restore the maximum tension generated by aortic rings from hypoxic rats during phenylephrine stimulation to the levels recorded in rings from normoxic animals (Fig. 6) . At least one other mechanism, therefore, is concurrently responsible for the depressed reactivity. This additional abnormality is distal to myosin phosphorylation, and, therefore, represents an effect on the contractile myofilaments. Recently, we (37) evaluated contractile protein expression in aortas from rats exposed to hypoxia and normoxia for 48 h. Myosin heavy chain content was not altered after hypoxia; however, levels of the inhibitory thin filament proteins caldesmon and calponin were increased and this change in thin myofilament composition could alter the capacity for ATP hydrolysis and/or cross-bridge cycling (25) . The inhibitory effects of these proteins, moreover, are Ca 2ϩ regulated (26); therefore, changes in cellular Ca 2ϩ handling, which was not evaluated in the present study, could also affect contractile responses through effects on myosin activation that may not be mediated by changes in LC 20 phosphorylation. Interestingly, dephosphorylation of calponin, which disinhibits its negative regulatory effects, is also a PP1-mediated event in smooth muscle (14) . The increase in myofibrillar PP1 activity that occurs after hypoxia may, therefore, inhibit contraction by opposing phosphorylation not only of LC 20 but also, simultaneously, of calponin.
Total PP1 activity levels in aortas from normoxic rats in our current study were similar to those recorded previously in vascular tissues (10) ; however, we recovered a substantial proportion of PP1 activity (41%) in the cytosolic extracts. This contrasts with observations Fig. 6 . Effects of PP1 inhibition with M-LR (50 nmol/l) on maximum tension in aortic rings and on LC20 phosphorylation (P-LC20) in aortic strips from normoxic rats and from rats exposed to hypoxia for 48 h during supramaximal stimulation with phenylephrine (10 mol/l). In aortas from hypoxia-exposed rats phosphatase inhibition restored P-LC20 but not tension to the level recorded in normoxic animals. *P Ͻ 0.05 for difference between normoxic and hypoxiaexposed groups.
in chicken gizzard (1, 16) and rabbit basilar artery (10) , in which 80-90% and 78% of PP1 activity, respectively, was localized to the myofibrils. Quantitative differences in myofibrillar PP1 activity and responsiveness to PP1 inhibition between tonic and phasic smooth muscles have been reported (11) and the rank order of myofibrillar PP1 activity in these studies may, therefore, reflect functional differences in the smooth muscle with that in the rat aorta being the least phasically active.
PP1 targeting subunits that bear structural similarities to smooth muscle MYPT1 have been identified in porcine and bovine endothelial cells, and a role in regulating endothelial cell contractile responses during intercellular gap formation has been proposed (13, 33 ). In the current study, however, removal of the endothelium had no effect on the levels of MYPT1 detected in aortas from either normoxic or hypoxia-exposed rats (Fig. 5) indicating that the increase in MYPT1 protein is localized to the medial layer and that altered endothelial cell protein expression does not contribute to the change in total aortic MYPT1 immunoreactivity in this model.
Our finding that MYPT1 levels are increased in HASMCs after hypoxic incubation suggests that the increase in MYPT1 expression is a direct effect of hypoxia on the smooth muscle rather than the result of hormonal or hemodynamic changes. The 5Ј flanking region of the human MYPT1 gene has been cloned previously and was found to contain functional promoter sequences (24) . Analysis of this region (29) indicates the presence of consensus transcription factor elements corresponding to the aryl hydrocarbon receptor nuclear translocator required by hypoxia inducible factor-1␣ to enhance transcription of the gene encoding vascular endothelial growth factor among others (36) and for activating protein 1, which mediates hypoxic activation of tyrosine hydroxylase expression (28) . Further studies are now indicated to evaluate the functionality of these putative transcription factor binding sites and their roles in the regulation of smooth muscle MYPT1 expression by oxygen tension.
Raised vascular tone in animal models of arterial vasospasm (10, 30) and vasorelaxation in response to insulin (3) and cGMP (22) have been associated, respectively, with decreased and increased myosin-targeted PP1 activity. These effects have been attributed to phosphorylation and dephosphorylation, respectively, of MYPT1 through modulation of the activity of Rho kinase rather than a change in MYPT1 levels per se. Although our current observation that aortic levels of MYPT1 are increased after hypoxia provides a mechanism for the increase in myofibrillar PP1 activity, the effect of hypoxia on Rho kinase has not been studied. Accordingly, we cannot exclude alterations in phosphorylation status of the targeting subunit as an additional mechanism contributing to inhibition of myosin phosphorylation after hypoxia, and this merits further evaluation.
The results of the present study indicate that after prolonged hypoxia MYPT1 expression and myofibrillar PP1 activity are increased in aortic vascular smooth muscle and that vasoreactivity is suppressed because of reduced LC 20 phosphorylation. To the extent that the hypoxia-induced decrease in vascular smooth muscle contractility also affects arterioles that regulate flow in vital vascular beds (32) , the resulting impairment of the capacity to actively regulate the systemic circulation may compromise vascular responses essential to the maintenance of arterial blood pressure and vital organ oxygenation. Because these changes occur relatively quickly (hours to days) and because hypoxia may cause organ dysfunction within this time frame during acclimatization to high altitude and during reductions in oxygen delivery due to shock and cardiopulmonary diseases, the alterations we report may contribute to the pathophysiology of these disorders.
